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P‘ spcr:mi propeny of masic nvirogen atoms is their aeutrality since at distances lareer com.

. d to the radius gf Bphr mesic atorn orhit {2 10 Y ¢mY the nucleus charge is almost comple- !
dw mesun charge. This circumstar oo provides a namber of mesic molecular pro-
‘ceshes in hydrogen (or in the mixture of Wvdrogen 15 vores) such as M -meson exchauge bet-

" ween various nuclei (charge cx~hange), formation of mew: molecnles ete. The<e processes define

to & large extent the cataly<is of nuclear reactiong in by ircoen predicted by F ranl{l[ Zeldavich~
““and Sacharov? and investigated exnerian: tally parer- 490 Og the stier hand as it was  pointed
aut in®8, mesic molecular processes in by g ape imnortant i the experimenta! detsrmination

*of the law of interaction 4« * P2 -» « ¥  (in particutar, in order te. Lisunguis! experimentaily
V-1 and v+ £ fors ;.
Some mesic molecular processes in by frogen have beon snndied] ;;: eaTil T [opere,

. L *
o the paper“ the levels of wrsic molecular o f;»;»}; popdi o W and cross

sections of the processes

+ " . . T
‘:"P“/PP}«; (fv ',p"{a“’i«,' ‘,U‘ID C/""P

have been calculated. There 15 s ereat dracrepancy with oar data for Cie apper ovel ol 0 4d
with £+ 0 Ourcross section of e o toprer o v Ty protr s Dow nat soa ta zi oo wath,
energy decreace.

La~ bean ~al “uiated by the me- ;

5 ‘ _ )
In 1° tie probability of the clinuge exchang 2 cd-edyr P

) , . . r
thod similar to that used in the present paper. However for the poteriials £ and /u  and o

. ! ' AR -,
for the corrections ’(39 and Ay e res B coes than U aseoenen L1o has been ta-

o .
ken. Moreover, thc.authorsl" have expectctthat for B 26 tte exact selinvons of the system
coincide with their asymptotic val e~ what wx v v guy corpeet.

In paper 18 the ground stape eaele IR siar ions nave been calcubaed, The cor
N . . o C . . PR
. rections to the potential cacray of by bove b peglecne B Reside oot i order to
ind the eigenvalues for mesi~ ol e At O L Iel we need py qoin s st of tes "
n R .
Cqul‘iﬂns (O\Viﬂg to the presenc . oo ..' e marens o anaoh R U ¥ PR s Fetaen e !
: « ‘
states A and Y0
20 ; i S : (TN . ana i e detenmoed ihe
In <V the levels in mesto moue noarens R vy antat tennn
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thbns duc Lot motie cf e e pation G e e sie fune on s dess
accuipte than .n e
h perer iy the estimates of bas,: leves for e Cdecwlarons an i oo tdons
d- & *5‘/‘,0,%‘:0 "P‘)'.,urr- gIVEL,
. Let us consider a syster; o i e w0 0 bogen 1Sotapes wath masses A,
snd A, anlthe /ll- cmesyn, Leg ¢4, 1. te the ~oordinates of M meson
and nuclmi®. e eilionian e ¢t e rons ane aeglecte i) is 7 the form:
L :
' ! Y . ! ! !
a-=A, ~-—=A47F - — 4 - SR e 1)
. H oz ﬂ ‘2”( i‘ o ‘IJ_ Rr"w ?[ 7* R (
where

/TR, o-/T-R[) RIE- K

Telieving that the /l‘ -meson is on the ¥ -orbit we sha!l seek for the wave function of
the system in the form:

. — . — ’ . ): ) ’(' ’i}
wchKf}Z_y/k,z)*Hi?)'n (%, (2)
where g/”) ‘and l‘f /” ) descrihe the relative motion of auelei, and X‘y and zn

sent the wave fusctions of A~ meson in the fieid of fixed nucler which are from one

' ﬁq\e‘dw.a‘,m:e.; R **. When R - oo

'7—===='( .t} T (c-e (3)

. and Zn transform into the wave functions of the /g ion
P " correspondingly.
thlhbmug( 2 ) into the %hr&img«r equation

H‘f £y (1) .

" and having in mmd tlat the wave functions Zg and 2, satisfy the equation: W ‘
) § '} : . e 3
4
‘{-*5;_*;‘)2 £.0R)5(TR) - (5)
altiplying by 29 and 2 n anlintegrating over the /a- -meson ¥

equations for ‘y(f) and f(/'?)

. l‘*\l" MQ the mm-l atar Lnits ﬁ - I [’ -‘ 207["( z / The mesir atom uan't of
f ’ -4'5‘ ,0 ‘m wh Cm w«r- At e |~rg
e My ln th*s 5 6 10% 1.

L] \u- note that sines the wave funct! (2 depends anly on the differensan of particle conrdinates in the

)q\ai- system the ghosen nentdinate ~vo1am is at rear,
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L (6)
g HE 1 .1 -
sr“?""‘f S Feu W i Heg 937 Qug % 9 -EH

g . - e P * )
L . e . -
: Bcre ’/N,,; = VH, * /Ha' Rsk& R' - and the functions 7~ "4’: '—’Q ‘g are
e matrix elements between the functions 2‘.9 and 2 u of opemon

S DR I . A7)
2 l&yt-z(H'AQ'v NI-AR).

’ - y &.‘_'- .~ i
U i VH‘VRJ_) | (8)

is ,uy to show that due to the normalization conditions of 3o and Z, the matrix ele-
of the operator Q are equal zero while the non-diagonal ones are oppome in sign in

~“¥hpfthe orthoml!ity of 29 and 2, | 2y
Y Que-Qu - (9)

Z g and Lo with respect to the exchange of nuclel

o (10)
i=9,u

(11)

s (12)

(.’.‘ (-9 )2, dr=a.{-
| Satas ]

Thus, if the nuclei are identical M, « My the svstem of equations ( 6 ) breaks up into
two mdependem equations. This resuh is quite clear since the wave function (2) for identical
nuclen in vmue of the symmetry can include onlv one term (either Z’ or £, ). The termsa

/4'! :([ 5@ (R) represent themselves the correctians to the adiatatic potentials due

auclei (with the accuracy up to the first order with respect lo"/“u,) ). Siace _
uﬂhf’* Wﬂ/ﬂ 4 for the meson is not 8o small as for the electron the  abowe terms eoutﬂbutew_.,;‘_
i

wt

)

)
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essentially. For # ~ oe the value @ -0 and the terms AN kju (co) represent
the comections \Ahl(‘h take into account the reduced masses of the separated mesic atoms with the

m,u
accuracy ( ) Notier that the coerey of separated mesic atoms (in mesic atom

units) is i
9, f i | B

Lt o,
E'- 2 M+ ~ 2 M _ 2

o 4 M / ! , ‘ (1)
2 2 ‘/*I 2 "lea'

and taking into account that the wiatriv eleueats of the operator (’ AZ",) for - == equal

‘1 (Agpeadiz) we can write:

3 ! 1) } - / °4 o
,‘ {f’(") fz—’-': Il”(oo)} (fl ~) T Kol )) 2 (¢, /& ) ( 14)
- . -——— (oe) .
:‘k"’“ (e ) K,« ) ([ I\ ) 5)
hos .

Separating in the quantities t(q(«?), Lo (R) and 2-; »A’g (R) their values for # - oo
2

fgu (R)=lg, (=) 1 £g n (R)

. X )(R)- ¥ (-°)4¥ (r) (16)
n nwln the aystem of equations ( 6 ) in the form
! ~dH
5""41”0(5'5&'#”)9 o5 AF - (pa)H‘ “QU;{’ e
! ¥ ' ' I ! dy
L G em— ¢ ——— +f - ¢ — M ——— — >
F7n ""“f-:.,m"w/” (22653 eg)Y i Qg - EH
where 4 f-f f and the energy E' s calculated from the middle between the le-
vels of upnnted netic atoms:
EE--(F*E) (17)
:m-ﬁhnﬁul is calculated simply from the | level of separate mesic atom).

hr depf-ndonre "(P ) and H(R)

‘Ju,\‘
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AR {' b (R) Y, (00)

. (18)

‘ .¢~ ; o aan i ' d, .
dx,'ﬁ-(i#)ﬁﬁ(f AE*;;,:Kgn)h;mQ'?d?(iﬁ)‘Egt

-}k d“ v " ‘ﬂj ’ Lﬂ"’ {l ! ' d
L —— “««-t & - P —— + ” +.L — -—?.‘.
AN, det 'éu JH#“". JHI"R‘)"'-' 24 aM, ”7)‘9 My ORJQ {f),‘ Eh,

starting with the pcper/”". In the present paper the values & (R)  and £, (R)  taken
g from/14/ have been used. The values of the functions /9’9 ﬂ” and Huy (R)  may be
ot by means of the recalculation from’13 " and the values G’{’?), /(:,9 (T), Koo (7)
«: - are calculated in the approximation of ‘united atom’ (1:A) and ‘linear combination of atomic or-
bita’ (LCAO) respectively for small and large values of T ( for details see \ppendix). For in-

duce the functions /;

%ﬂ’fﬁgul'.),/v/z— ; &{R)'-{?L(?)—/v.m}/ﬁ R (20) -

Comparing (2) and (3) itis easy to see that the fuuctions u(’l?) and £(R) for
£ —\w describe a radial motion of the nucleus witl nass M, with respect to mesic atom

M, and of the nucleus with mass 4, with respect to mesic atom with mass respective-

1 d‘a ' ' rod ! ’
S by o g )

ly \Q:
‘ he functions (20) satisfy the equations:

UNCLASS; 9
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A W v T R S S R
The potentials E‘;m and Eu (7} were deternined Iy sohing the Eqs. (5) by many authors,

vestigating the asymptotic behaviour of the solution for R —» eo it is convenient to intro-

’"

athﬁnphenca! function) we obtain for?(ﬂ) and for /'(!) the equationa:




T T T ey YT s\w‘ N — R

P

o 3 L

m(ﬁ“"v)‘gh%%i}"v{f[{[y a, JJ) ﬂ‘ )
: iﬁ@" HV)}A‘ u,‘dx/{) fa,

.

RS l 1_‘(",',) ¥ 3
iﬁ")t([ alﬂu )] 11”,;_{9" u’ 2” R.t - ':,:}g‘,o

{.,,)]‘___(’,, I(,’) ) £,

memw ey i a0 omecqggiay v

3

afor Re0 |

L q(o}.‘(o)no o (2)
p. 21)" or. A -‘U&mofﬁe fomi

f.i.. W s (f—zal)-a

(F* F) 4 A ()

W» : ]

g

L.t '&J‘ HA n M fcrdlﬂlheneu AE >0 . Then three types of motion are possible
1 di’udh'u the velue of £’ A .
) f LD 4 Af ,i, €. the energy is higher than the K -level of lighter mesic
M 'l\omnn ﬂy be sear the nucleus H, as well as near nucleus A, . If at first the
mesos was near the aucleus M, and there is charge exchange to the nucleus My then it is '
necessary that the wave functions would obey the following condition: that b(x) for £~ oo
must include only & divergeat wave

. A -
a®)~c, e et (24) ¢
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t‘( [ | -.(l
a(‘R)z(‘Jev‘ v Cu Y mue ¢, 0 (25)

[
b) - %A E<E ‘i '¥3 i.e. the energy lies between separated mesic atoms. When

- -

the meson cannot be near the separated lighter nucleus became of lack of energy.

“TEave’coribiiponds 10 the sttering of mesic atom withhd®ens A,  bf the nuctems W,” =~ 7

‘It is obwvious that the conditions (22) and ( 26) (as well as the conditions (22) and (24) ) can
\h satisfied at any energy, taken from the considered energy region and determine the.solution o!
jﬁo sysiem of qucioal (21) with the accuracy up to the normalization. :
oK' ]‘ Ak is a region, of the discret spectrum corresponding to the bound states

~ of wesle molecules. For R — ©® two conditions are imposed to the solution of the system:

. without the possibility of charge exchange. The wave functions should obey the coadition in accor- ' t
dance to which the function Q@ (®) for R—~ e should not contain anexponentially increas- ;M
ing term:

S#R 'R

am) e " .m,e
. ‘bz =0

STA | i, :
CR)=2,0 * ¢ 3 - (26)
ikt 2 (€73 of)

lﬁl m of th hennilg exponents in both functionsa) and () ) )

a(R)» z,c".r'ﬂ,'ze""l |
¢!
[LIEZ X '&‘Jé"‘q () «a
%) =0, T (£)-0 . |
A (29)
: "ot Fl , : SR,
".lzﬁ" (I‘I‘i‘[}; . x. IZHQ (I[I'i"AE) ,
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conditmn( w and construct a linear combination se-
ey, o mmm-.m.-— .

| i .‘,: Ly +- 2wl o
3 “c} ond {‘! ”t‘ are the -olutioucﬂh system (16), thea: |
,u" ’.g‘) (}Uﬂ, -H, 'HJ*ZQ (N, "J,l H ﬁ)} (31)
'Clhm (20), satistying the condition (22) the indentity (31) takes the form: -
. de o, 4)- @
(0,5 -0 2).(8, % 48)- 2000k -eb)-o

The relation (32) may be used for testing the corrections of the aumerical iategration. As linear
" ly independent seluticas for the Eqs. (21) we may cboooe for example, the solutions determined
for R = 0° by the conditions:

alo) « 80} 0 ga.lc-o o)
a'le=810:1 g'-/T. ko ‘
alol= ba)=0 g=hso (%)
a'o)s - §ia=1 , g0, #'=/T |

| CNARGE EXCHANGE CROSS SECTION

) Let in the energy regioa [ ', Ya AE the solutions (20) determined by. the conditions
(24) aad (25) respectively be of the form G

. ‘Simes the fenetlens a(‘) ond 6“) vaaish exponentially inside the potential basvievs fo¢r R~ 0
the conditions '.(“). €(84) may be given for sumerieal integration without sasential “lho some omall ' $0.
fa our papor 20,2 . This comesponds & the replacement of potestials fq+ 4 £
by the Waftatte wail 4 R = -1, - - > ’ﬂ;" - "'JL‘(““
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s:'%e,"’..v..{.u-';-*&) eﬁg{‘i.-n(/&efgm;) (%)

=\

. a”sa) a1 ? a‘)

o . |
where constants a” ‘ ? are determined by numerical intogration of (21). According to
(32) there is @ couoetioo between the coefﬁcicnu and the phases of (35)

o)

{a, mlwfu/l 876§, -0 (3%)

(37)

Forming a linear combination from (35) which satisfies the conditions (33), (34) and the nor
" malization for £~ o \nohuia
¢c1&€._ 1) - ¢-‘('/4"‘T)

az AN d
(38)
fe- d,d. din & piﬂ‘?'?'&)
(CATREN
where
¢ il ei6
e l“" l . a l,ﬁ-lc o
9, 0: metl et 2 (®)
" In acoordance with the genersi theory of inelastic collisions the effective charge ox-
choagn cross sectios comespondiag to the partial wave L :
RSO Lot} (1- )% o
. . fﬁ'ﬁ‘ ;@Mw‘* b ?ﬂ%{i zwuwmwww : W K e “"w )

e

TN
;

e

oproved For Release 2009/08/06 - CIA-RDP80T00246A011500070001-6



m Le ‘o ke the forn:
CQ '4

c.‘ w04 1+ 57

(@)

PR &
L 3

e e, ¢ ¥ in (52 50
. mMu&ﬁu&lMﬁu mdueudhdynmdhdh..

b

wmmmmu.

r| r‘p M‘J;l
R o ey
Mhdﬂc‘m“mﬁuh
P f-20 008 co0

\ or‘-lﬂﬁw&, F

' ‘;-O‘I

Approved For Release 2009/08/06 : CIA-RDP80T00246A011500070001-6



: : : ST pr ’f;‘-.' IR g‘lﬂ L e i %*Mmf’z ‘
Approved FOF Release 2009/08/06 C|A RDP80T00246A01 1500070001 -6

13 --

ll. ¥, is the relative velocity of particles, A3 - the number of nuclei of the isotope with
a mess My thea the probability of tl;e rc‘hlrge exchange is

g 71, dn’S, 2 | o
Weld, b0 v‘l ”v a ” ) .
b * J"d" 2 fuc088y N (46)

. vy i ny-l
The values of ¥, 6¢s;f ond 6af  for the systems of pnmn-dmm, system proton-tritiem
and dom—cddu ore given in Table 1.

sl 4 SCATTERNIG OF HEAVY MESIC ATOMS BY LIGHT 1S0TOPE NUCLE! |
| der iR < WNCRDISANETIONORND UANS FUNCTIONG + . : .. < . .in ek b AR

. In the energy region -i—AE(E'(I:-AE when the concestration of the b&wm
isotope is small the most esseatial process is an elastic acattering of heavy mesic atome by light
isetope auclei and further after mesic atom slowing down -formation of mesic molecules.

Let the solutions obtained by numerical integration of (21) with boundary coaditions (33)
and (34) respectively for R~ take the form:

- o "' o) l,t ( ”
d.{ﬂ,ttd +d e, -q e A “e e

(1)
8 o)«d".s.-..u.x-" w"). 6[%) I nll - Te o) |

w Pol-h' the linsar combination from (47 ) utlslyiu the coadition (%) we obtais withia
w the sccwrecy of constamt factor

, " .
6(‘)"&(1,1- ~) a, e dg- dnd "? (48)

T
@ @
f") d, d, . ano ”- «'.'ISI 4=| Y 0“)
d 'd Cosn “’ L )) ;
> ‘ﬁ, | ()

:‘W”n&lwuh the L waveis

*
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it e g™,

Wl-hn wave feactions sad effective soaitoring cross sectica whea the ki-
y ol mosle stom ta small . # 4/ ). Inthoregion £ &0€ S . the nclutions
mhwbdlnthofom. : 4

Mg O‘D | Nat'
mumw-m muum '-"'"K

(81)

oW ,n

g,,-b 5 (52)

N ‘«m“ hMQ“~ ﬂ" ® § comsspands b0 o
# *‘ﬁd (Mc“ N oad 0 & mooen thet s newr &

: mmfhm-umduu-h.
QMWhmdddw-ua.dled

s
d, /”“/’ . ‘“’a"’
| -‘-tA unbr&lhhhhmdhm
40 € clasts 1o net canmelonaly wnelh.en R to indiouted to 7IV/.
‘ul whish wea prodused ag: 6 rwuehs of the chasge cachengo may

u& | .."(so')'
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f N is the mesn value of the’ eﬁem traasmitted in 4. *+P col-
ihio. Ne l ‘ 1022 £« 45ev - is the energy acquired by the mesic atom du while
charge exchanging E,~ 2.10"‘» is the final energy. (In this case we make the rough app-
_soximetion that: # is believed to -ovealong a straight line since the deviation of d, in
mwﬁmm aot excead 30° in the laboratory system of caordinates). The value of

hpﬂh sccording to (54) is £ ~ 0.1 mm.(The free path owing to the diffusion of dy
ith the lbeﬂul m is also of otder of 0.1 mm) which is applying less than the experimnl
“"hole’ of about | mm,

MESIC MOLECULE ENERGY LEVELS

' : ‘
Let in the energy region £ ¢- 3 AE  he solutions of Eq. (21) under the initial con-
ditions (33) and (34) corespondingly have for ® — e _the followiag form:
. 'R i,
a.(R) =" (e)e ", ¢ () ?

6.%) « %" c)e & ,”’(57?’"

(85)

Then, forming the linear combinatipn the increasing exponents can be excluded only under the
eoudlnon

(-;h)(t) ‘];’U/[') .
"w ’ l([-r 80 .
7, (€) %, (€] (56)

The condition (56) determines mesic molecule energy levels. By means of the numerical integra-
tion of the system (21) for various £’ we can choose the values of £’ satisfying the con-
dition (56). The mesic molecule energy levels obtained in such a way are given in Table [IL. In
Fig. 1 the values of the functions a ( ® ) and b ( ? ) are given for the bound state of the
mesic molecule ( pt ),, normalized by the condition

[ (Jate) + 6 @21 (st

11877 e
GHELASS: i)
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JNERGY LEVELS OF MISIC\ MOLECULES WITH IDENTICAL NUCLE!

As we have already pointed out the system for the mesic molecules with ideatical nuclei

braaks wp two independent oquations. The effective potentials of interaction with corrections te- . {
Hl_"imm&omiolofnncld"fj'j-k’;’ are approximated with a good accuse- i
cy by the well-knowa Morse function: “ - -
24(R-R,)  -4(2-2.) S B

u.,l[( 24! )--2( ] (s8) . :

The values of the effective potentials of interaction are given in/13/. The deviations from the g
Morse function from the true values of effective potestials of interaction can pot change consi- )
derably the value of the levels since these deviations are appreciable only ia those regions (for
vory lorge or very small £ ) whers the wave functions decrease cxpoouciuliy. The valves of

' kthouu'yhnhan'ﬂm_h Table Il. - '

SCATTERING OF MESIC ATOMS BY NUCLE! IDENTICAL
TO TNE MESIC ATOM NUCLEUS

'For small energy of the relative motion of (¥R « 1) it is not difficult to calculate effec-
tive croas section of mesic atom scattering by auclei of the isctope®®. For £') 0 the selu-

tion of the Schrediager equation with poteatial (58) is of the for,
-6 7. f2ns . iep s VIRA | - B
’.f ‘/’bf ‘&‘ 7—0 i"‘l’p"zi‘,;)-;q ("f/._-‘_—-'i“ll’ I-Zo';’!)] ”‘
. : ' , (59) 4
i
¥ :’k
o
:'m‘vﬂl“’.-l"homd-m.vummdwwﬂhlbb'mimm.ﬁo | z
& .‘,i,’hwd‘_om.*m» teran! cacegy '
$ - :;::. ‘znumocﬁomu. p’ “” :::;:::7::.0:. ruom:.u.::‘.m.‘“::.- .
i

ﬂ‘
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VRl E"i" y: ev /'f'*hrlf'/‘-——a +g-4 /
& ’ T i -u.v

For ~ R ""'( ! —'0) this solution equals nywicdly
th(It"‘Zﬁ"I 7 { 4-’”) (60)
if the ﬁ.n.o(tbo relative motion is rether small (¥ %o ¢ 1) tb.a.‘h the region R«
g~R-Ag | (61)

The scattering length may be obtaised from (64),(65)

R 2V2N4

(B it ZIr
- r(s)

where 173 . Note that if the val
hd‘gfh’mo;udl.ﬁhw:oﬁohcnh‘:h }hualonl

(real or vistual with the euergy closs to zero) thes, duwthfmthutkfuctionw(ﬂ has
poles for integrer negative sumbers £ u..nluou, may be very large. Thopouilnlhy
of sech & reseseace has been cbeerved ia /%/.

Thnhlnd thmdoqutla (21) may be also obteined easily if the pou-thl

V £, (’), l fe is approximated by an exponest: |
i G R i
“‘ﬂihﬂ%ﬂthnpodmylonhnlmof R umtitllalhommrh..‘l\.

Schrddinger equatioa with poteatial (63) ndoecnotboﬂunlq-uindthm..-m
by introducing & new veriable quantity. Thus, for E’ = 0

He)-4 0, /"f'_’?f’ “W |

(63)

R

‘is the Hankel functios of the imaginary argument. The normalization of the func-
- mthﬂor L= oo tbooolmionwillbooflhch‘

A(g)n R -Au | “;u)
¥
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. (taking into account that for f“O A’.(() -l /( ~C  where C =0.577 is the Euler cons- .-
. tant) we.obtain

%[c n~—-‘ . : (65)

TIW luomc that the mesonic function If (7 /) io symmetrical with respect to the nuc-
hll“em and Z 0 R) is antisymmetrical, it may be concluded that in the S- wave the re-
motis eﬂdutml nuclei will be described by the function (%) , if the summary
ﬂﬂﬁﬂﬁm aad by the function & () | if the summary spin of nuclei is odd. The
/asction of the hydrogen mesic atom scattering by protons (and mesic atoms of triti-
. 'OD at lldl energies is to be of the form:

o aslhzibes 3 ‘:ﬂr) (oo

) S en

' M (66) theu will be a resonaace In the scattering when A!-' 0.

)' & ll (66) are writtes for better snalogy with the well-known deuteron formula,
hl of these terms represents casentially the exceeding of the accuracy since Au

: mpulsion and must coincide in magwitude with the radius of action of forces:
mtﬁh.plmiutiatbewnulﬁa‘ PfP"‘&'p since the mesic
hvc o vitual level with the enorgy chn to 0. The effective scattering cross
c-m sccording 1o (66) coincides well with the croas section given in/ 7/,
'd the cross section calculated according to (67) tums out to be twice

MESIC MOLECULE FORMATION -

\loving in tlle matter the hydrogen mesic atoms in virtue of their neutrality can go easily

through the electronic shells of the hydrogen molecules and apfmnchmg the nuclei they can form~

mesic mok culed {more exactly, mesic : 'nolecular ions) - (PP)a , (pd} etc. (like the”
wleculerions 12, 1D’ etc)). The binding energy of the mesic mofecule,

‘ m% way be tranamitted to the radiation, eleclron shell end to the aucleus coupled by

y Approved For Release 2009/08/06 : CIA-RDP8OT00246AO1 1500070001-6 =t
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chemical forces with that which forms the mesic molecule.

The lest trmasition, however, may have some meaning oaly in the case when the mesic mo-
lecule forme iteelf in the  state with very small coupling energy (of order of the coupling ener-
gy of the ordinary molscule). As we can see from Table Il this condition can not be fulfilled for
any of the wolocules (perhape, except for (dd), ). Siace the sise of the mesic molecule s

“Ieos thea the atomic one the relations between the probabilities of formation of a mesic molecule
in a rediation way and by meens of the recoil of the energy to the electron of the shell may be ex-
pouséed wing the standard theory of intriasic conversion of electrens uader nuclear traasitions.
In the considered region of transmitted energies (tens -hundreds of ev) the coefficieats of iatrin-
sle conversion are very large; therefore the probability of the redistive formation of mesic mole-
cules is less incomparably than the conversional one. Because the forpation of mesic molecules
tshes place ot small relative energies of mesic atoms aa electric dipole treasition from the S -

- wave of continveus spectrem with the coaversion on electron will be the most important oné. Let

v P, By be distances from the nuclei M, M sod 47  mesca
respostively from ea arbitrary point; thes the Coulowb field of the system at largs distances has the
| 4 e ¢ d _
i”];’};“; *}4 (68)

znj ummmmmamormu.dduuapummu'
systen - .n, :
o 4..1".4.._ - 467 +7,)

ﬂ.x‘-g 7T.7- Q z‘.‘{-j;/. | ..(-“)

: '*”Mmd&lmm&mnnnmdoh&
mh&“ﬂhﬂwmaumhwhwwmnwh
hmam“mnmamm

Yol o s

5 0é dnd voluetty), N 1a the number of suclel la cu, ¢ d > Is the matrls
%mummdmmmwum

m  anali T P SR S

ik
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‘hm'wthmdﬂ ~mestn and | Mﬁnhﬁ- B ¢
Somiliosne i (1) loduou-w-l Y _ .

‘..

e e, L g S

]’_,,,_, (1)
| muhmwmu feactisn .
values of nm...-::t; i
ﬂ lemmm <4y,
*mht umnwndumu R teo, if the caiculation of gy 18 mede
A w ie il(?ﬂ)h.hmnﬂpoodﬂomdm ;

mmdmwdhuumdtbmw ,

: ;u“.mthmm.wnmummn.u
'ﬂﬁm”u. ined 10 waity. Ia this case the mettix clement |
¥ will have the dimsaslon ofe0y ¢)  Sepasmting eut dimension facter it Is con-
”hmhh-h('m)h lu-

V""!(”)(EJ‘::.?:Z::* {Z/cd)'} St | i

mets ¢ ')nhl.hhouno
whooe the metriz element ¢ d) lsalcnlncdlndimhllm(udcuq-
00 thas the fome mh(&-dbdom(w)m“:ﬁxmwy:mb ‘
 tiene with mesenie functions of idestical parity Zy— Iy 2u=Zu while the secied

”md between mesonic fnctiouo!di!fenntp‘dty( L, —~Zg;
:‘ — Ly ). Th'm transitions from the S-wave of the coatinvous .pcu‘- may occur

for all mesic molecw-
' m“vm L = 1. Fromthe table [l ose can see that
:,x/l/‘ )hmltlnhm‘hwthwdmdumu(‘éu 1; #=0).
?u-uk-nlnglu/t% )tumui&-hwthfﬁmm-mhwm.
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"ymﬂmmuhowi&wialncld L=2]; an] maybecel)
mely as it was made for mesic molecules in (dd) The probebilities of tion of
NOS 4 given ia the Table 4. In the case of f-olccoluwithdiﬂm/uehld
»-"“““""""‘ 10:the calewlation of probebility of mesic molocule formation whes the eanmo.
‘%*?wwvﬂmmuoccnbcnde +p ~(dp) .
;‘46« ~mmu&o -oup-hbhp«mu,,.od-o/f). )

(TS)

&%
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e

mu 1oasd % levels of He. ' e

£ 7, e-{?,f?‘)
I-.,--;;e 9“""”(l 036, - 1, o) 6) 03
=%c nzi’.»&,,z‘/ o

I _y) -2
-W(#tv-—ﬂ 2’06-;‘)0

D.¢'

EMM(LCAOM _

A,

Ay3 ).‘ .t(m) 56 -k ¢ D.5

Moo dy S ) let* -31 '
w2 a1 35—(—:?_- _ D.§'

In the appreximetion (l!.A):

"n"‘[g‘)‘*ﬂ—-o /'-,9:"1 o D6

dw 3‘:94 ( )l"’°f‘ 2 . .576'

For comparison in Pig. 2,3 are given the values K gg and K wu , calculated in’13/ and accerd
ing to the approximation (LCAO) and (U. A). For the value QR) we geu:

Lcsole.. Mt agene’™
( 10)0 Nen 6:‘/-?"i
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(z/l}q -M, kF 6-5%/ .
- 2] —_— I+éﬂ+/’,~ )

Ml + M ly I
We note that Q) calculated in accordance with (LCAO) for R0 coincide well with the
valves of Q, calculated in accordance with

I 77/‘1)‘-}2 M-
+€ -
(1.(10/ 2;"! / 2 /9(/.0 } M=,
( H ! - . > - e—
g [l 2 )
f‘(/w)‘e-m} My~ M, |

- 9 {/_o,{) /‘1& - M,
Thus, in the all region R  the approximation Q = Qeao may be taken

The qnlmiu K gy () and K,‘(R) in the approximation (LCAO) and (U A) equal eor
R W %ﬁ o

6'/1' e R W o e
4‘ ,&‘_” ‘, ”IJ (/ %‘ %‘/{'I;T; | B

| /S e 2, .
\a’ N‘,on a 4y M {i, (, J/‘ "4‘/

& L8 Tﬂ)

Mthmdlhfucﬁmfor R —o0.

wa |

" {L(IO)*'-'”,,., =415 2.:,
’ov-'f”l' R S i g T
vag tuese)— Dzt --':—;’fgeo,w.x%—:g-;-
NogQu)— e AT g5 it

N‘ON, 35
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Tabie T
charge exchanue (ross section
&fd-’c/l.lp ,:)“4f.v,,,/t~+/) (,'fﬂ&{—a&*d
f 2.1 0.84 0.0067
-13 ent “1p-13em* -15 cm®
6“,!, 3.42. 107" S¢ 1.19 . 10 rea 1.15. 10 E‘-?‘— ‘
6w 1.98 . 10°19 ¢ m? 1.53 . 1019 em? - 2.41.10°9 cmd
Tablell
mesic atom elastic scattering cross section
%fP—Odffp §~4P—+ ;*P .f’*d-';*d
A 2.03 2.66* 6.7.
6,p(0) 339100 cm 5.8 . 10-20 cm2e+ 36.9 . 10-20 em?2 4
~—y
Table m
mesic molecule levels ( ev) (for mesic molecules with various nuclei the energy
levels are calculated from the level of heavier isotope )
L0 L0 L=2 L3
nlo n-l ne( .n=l nnO n-O
r v
(pp )ﬂ 252 - 109 - - -
-7 (M) 330 40 227 ™ B -
e
(u ); 367 86 283 19 170 50
(pd)? 220 - ‘ 920 — - -
- ‘ 1
T 213 = 93 - = =
Tao; 318 32 nr n 102 -
* ** rihese va'ues are iarived for Kux ® 0. Caleulstiona with correot value of Kgs sive for A the ‘;

value -~ 10, what seema to be doubtful, l
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TablelV
probabilities of meaic molecule formation in units 100 sec-1 in liquid hydrogen
N P + ) ¢ + +
(pp)[-' (dd)‘ G, (pdz. cle), (pl)ﬂ
! 1.33 , 0.006 0.8 0.7 ~0.001 0.25

In the present paper the probabilities of the mesic molecule formation schould be considered
to be correct only in order of value, since the binding of hydrogen nuclei in molecules of 12 has
been neglected in our calculations what leads apparetly to the increase of W.

In the case of the mesic molecnlar ion (dd) and (dt)  0--0 transitions may contribute to
the molecule formation probability, due to the oscillation level close to zero (L=0).

;, We have just reseived preprints by Cohen, Judd and Riddell. They calkulate the probability
'f of the formation of mesic molecules with identical nuclei using the wave functions

normalised to
: Y2 . but sot to unity, what doubles the value of W.

We wish to thank Y.B. Zeldovich for initiating this investigation and for many useful
discussions.
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K

TS .
Ty }, e (s
Level 90 ev Level 98 ev level 23 ev
o "”*F ‘ .(l) (t\n) - A1) B a(R) »(R)
0,9 0,024 1072 0,110 207 0,210 1077 6,109 107 40,772 1072 40,823 1072
" 0s5 6,530 1072 0,516 1077 0,554 1670 0,331 1077 0,427 107 0,420 1072
0,7 0,192 1071 0,13 1071 0,161 1070 0,17 1071 0,122 2070 0,121 1070
0,9 :0,2% 1071 0,256 1071 0,277 1070 0,273 1070 0,246 107! 0,260 107}
1,1 0,423 1070 0,424 2071 0,467 1071 0,467 2071 0,404 107! o,4e2.107F
1,3 0,623 107} 0,632 107} 0,687 207" 0,097 1071 0,718 10"! 0,719 107}
- 1,5 0,849 10°) 0,869 20~ 0,93+ 1071 0,304 1071 0,100 0,101
B e Gy Oyl . O MMw Q 219 W32 . 0,129 0,131
1,9 0,13 0,137 0,144 0,749 ‘“*’”m TP
2,1 0,19 0,160 0,165 0,179 - 0,179 0,183
2,3 0,168 0,181 0,18) 0,202 0,196 0,202
2,9 0,182 0,198 0,197 0,21 0,207 0,214
. 2,7 0,191 0,211 0,206 0,239 0,21) 0,219
2,9 0,197 0,201 0,210 0,74% 0,210 0,219
31 0,19 0,226 0,210 0,2%0 0,203 0,21)
3,3 0,196 04228 0,207 0,7 0,193 0,204
1% L 3 1)) 0,%26 0,108 (4l 0,179 0,191
© 3e7 0,104 0,221 0,189 Cyd 0,104 0,176
3,9 0,17 0,219 0,177 2,234 0,148 0,160
4,1 0,164 0,206 0,164 0,024 0,131 0,143
4,3 0,192 04196 0,151 0,712 0,11% 0,127
443 0,160 0,184 0,137 0,200 0,100 0,111
4,7 . 9,128 0,173 0,174 0,187 0,866 101 0,969 107}
4,9, 0,116 0,161 0,111 0,173 0,741 10°% 0,838 107}
9,1 0,104 0,149 0,989 10™% 0,101 0,630 10~ 0,79 107}
9.3 0,925 107 0,137 0,879 17 G, 48 0,532 107! 0,614 107
5,9 0,833 107 0,120 0,770 165 0,136 | - 0,447 1071 0,521 107}
5,7 0,7% 10 0,113 0,673 167 0,179 0,373 107} 0,440 207}
5,9 0,630 10~! 0,105 0,5a» 1071 0,114 0,310 1071 0,371 107}
6,0 0,609 107% 0,100 o, 5an 1071 aL00 0,783 10~ 0,340 107}
6.2 0,534 101 0,908 10°1 4,471 107l opmar 207t 0,230 10-! 0,279 107
6,4 0,463 1071 0,822 1071 o401 107h 9,909 1070 0,193 10! 0,237 1071
6,6 0.400‘10‘1 0,742 1071 0y 341 10 Looany o7t 1,153 107! 0,197 10f:
R Q.08 107! 0,669 1071 9,290 1070 0,749 1071 0,120 1074 0,154 104
7,0 0,299 10" 0,601 107} o,z4. 107! 0,081 10~} 0,106 10! 0,135 10~}
7,2" 0,299 107} 0,939 107Y 0,198 1.0 0,18 WP 0,89 107 0,111 107}
7,4 0,216 107! 0,48) 107! 0,158 1T 0,860 107 0,701 10~7 0,910 1072
7,6 0,181 107} 0,432 107 0,172 107 (5112070 0,909 107 0,738 107
7,8 0,1%0 1071 0,383 107} 0.8t 1T e 107} 0,451 1072 0,996 1072
8,0 0,120 10~} 0,342 1971 0,557 1.7 (ye0? 1070 0,281 1072 0,478 102
8,5 0,677 10~ 0,253 107 0,136 107 0,303 1070 9,712 1072 0,293 1072
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cable (CLLIEY VRTIRTS
Wave fungtions. Seatter'ns nf maiic atam vitn o
1wt ’a-l_‘_:) ‘.‘n(_?_‘::"’
. dp P P
R a(R) v (it) A (1) (o
,%'J‘ =0y469 107 0,484 107 o1 0T e et
018 =0,181 1071 oyi72 107 Loy 1gmh Loy 0
0,7 =0,286 207} =g,382 107 2o, 950 1078 20,95 107}
T 0,9 0,095 107Y 20,005 107 g1 0,164
1,1 0,905 10™% 6,574 1075 =0,745 ~0,748
1,3 -0,179 -0,131 ~0,7:9 -0, 137
1, =G,159 =0,1¢) -03,407 -0,423
1,7 =0,18) -0,190 ~0,470 . 0,44
1,9 -0,201 -0,210 -0,513 -0,%49
2,1 <0,210 -0,221 -0,%32 -0,576
2,3 =0,710 —0,22: -0,526 -0,577
2,5 -0,207 -0,713 -0,498 -0,%49
2,7 -0,186 -0,195 -0,449 ~0,49¢
2,9 =0,16) 0,168 -0,385 . -0,470
31 -0,1)7 -0,13% -0,310 -0,325
3,3 -0,107 -0,948 107} 0,229 -0,219
345 «0,794 10°! —0,%08 10™ —0,14> * 0,940 10}
347 -0,440 107} ~0,378 1077 —q,631 107} 40,342 107
0,136 1072 40,491 107} 40,142 107! 0,166
0,248 101 0,948 101 0,849 107! 0,299
0,407 107} 0,149 0,147 ‘431
0,636 10~} 0,194 0,201 0,551
0,832 10~} 0,242 0,745 0,687
4,9 0,99 10~} 0,289 Uy 780 0,808
’,l 0,11) 0,34 0,306 0,925 -
%3 0,12 0,378 0,32% 1,04 -
5,9 0,130 0,420 0,337 1,15
%7 0,12 0,401 0,342 1,¢9%
5,9 0,138 04500 0,34) 1,35
6,0 0,19 0,919 0,341 1,40
642 0,139 0,5%6 0,33% 1,49
6,4 0,137 0,593 0,326 1,%8
6,6 0,134 0,628 0,314 1,57
6,8 0,13 0,662 0,300 1,7
7,0 0,126 0,490 0,784 1,36
7,2 0,121 0,729 0,759 1,2°
7,4 0,115 0,761 0,25) 1,99
7,8 0,110 0,793 0,737 2,08
7,8 0,104 0,824 0,271 7,15
8,0 0,981 107 0,838 0,708 S
89 0,844 1070 0,93 0,171 R
9,0 0,724 10~ 1,01 0,147 Fye
9,9 0,523 10" 1,08 0,116 2,78
10,0 0,33 107} 1,18 0,939 107 2,95
10,5 0,488 10°1 1,22 0,739 io7! 3,13
11,0 0,457 2071 3,30 0,538 107! 3, m
11,5 0,49 207 1,37
0,476 107! 1,44

FRAARTR
oo o
(1) . ().
=4 0T any e 1T
-y 362 107 _y, 377 q0m1
-0,746 1071 -0,939 1071
-0,178 -0,173
~0,281 ~0,281
-3, 387 -0, 396
=(0,477 -1,447
-0,540 -0,550
-0,%50 -0,573
-0,53) ~0,55%
-0,452 -0,480
-0,353 -0,371
-0,217 -0,233
-0,661 107} =9,772 107}
+0,892 1071 40,847 107}
0,239 0,242
0,374 0,385
0,491 0,510
0,585 0,610
0,695 0,689
0,703 0,734
0,729 0,7%7
0,737 0,757
0,779 0,737
0,709 0,698
0,679 0,644
0,042 0,577
0,600 0,499
0,956 0,413
0,93) 0,367
0,487 0,270
0,443 0,170
1,393 | 0,633 1071
(,3%8 -0,421 107}
s 319 -0,151
0,284 -0,252
Gy 51 -0,174
0,2 -0,48.
0,194 -0,%9)
7,170 -0,712
0,17 -0,994.
" 0,830 1071 01,27
0,371 10”1 1,5
0,385 107} _1,8)
0,759 107} &2,11
0,176 107} .- 38
0,127 107 2,06
0,834 1977 7,94
0y Ve 1077 -3,43

5390 by nucled of T1pkter one

N N PN N R s e e
-
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Fig 2 | Functien Kgg celculated: [-in (LCAO). imation; H - wi
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Fig 3. Function Kuv calculated: | -in (JA)-approximation; Il -in (LCAO) epproximetion;
HI -with exact functions’
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